were identified by searching electronic databases (Medline, EMBASE and Web of Science) until May 2016. We identified a total of 12,875 DR cases among 37,285 participants in 15 observational studies. The pooled estimation of all the included observational studies was 0.91 (95% CI, 0.79 to 1.06) in a random-effect model. Analyses stratified by study design showed no significant association between alcohol intake and DR incidence in cohort, case control or cross-sectional studies. In the subgroup analyses, neither beer nor spirits intake were associated with DR risk. Furthermore, it was interesting to find that protective effects were detected in the wine (OR = 0.77, 95% CI = 0.64 to 0.92) and sherry (OR = 0.22, 95% CI = 0.05 to 0.95) groups. In conclusion, this current meta-analysis demonstrated that alcohol intake was not associated with risk of DR. Subgroup analysis by alcoholic beverage types showed that wine consumption would reduce the incidence of DR. In the future, more large-scale prospective studies with detailed alcohol subtypes and contents are still warranted to clarify the association.
Quality Evaluation.
Because there is no universal scale available for the evaluation of the quality of all kinds of observational studies, we developed a modified scoring system that was based on a commonly used system 18, 19 . The methodological quality of each included study was assessed by a checklist: (1) Defined study design (case control or cohort study, 1 point; cross-sectional study, 0 points), (2) List inclusion and exclusion criteria for all participants (Yes, 1 point; No, 0 points); (3) Indicate study period and follow-up duration (Yes, 1 point; No, 0 points); (4) Diagnosis of DR based on fundal examination or fundal photography (Yes, 1 point; No, 0 points); (5) Provided enrollment duration for all participants (Yes, 1 point; No, 0 points); (6) Described the general characteristics, such as age and sex, of the full participant population (Yes, 1 point; No, 0 points); (7) Adjusted for confounding factors, such as age, gender, DM duration or cardiovascular factors (Yes, 1 point; No, 0 points); (8) Stratified alcohol intake into more than three stratifications (Yes, 1 point; No, 0 points); (9) Common influence factors, including age, gender, DM duration, were matched among all the groups (Yes, 1 point; No, 0 points). Studies with over 6 points were considered to have relatively high methodological quality.
Statistical Analysis. We evaluated the association between alcohol consumption and risk of DR by pooling the results from all the included studies. Adjusted OR or RR with 95% CI were used for the meta-analysis whenever possible. Crude values or primary data were used when adjusted data were not presented. Considering the existing heterogeneity among the modified observational study designs, we conducted this meta-analysis using the random-effects model in the presence of significant heterogeneity. In this study, both the I 2 method and the χ 2 test were used to detect heterogeneity. We assumed significant heterogeneity if I 2 was greater than 50% or the P value was less than 0.1. We also conducted subgroup analyses by study design types (cohort studies, case control studies and cross-sectional studies). Furthermore, classified analyses of all the included studies were conducted by study sites, DR stage (PDR or any DR), DM type (T1DM or T2DM), alcohol consumption amount and consumption subtypes as well as adjusting status.
Sensitivity analyses were also conducted to evaluate the influence of individual studies on the final conclusion. A total of two methods were used in the sensitivity analysis: (1) drop the included studies individually and then calculate the modified effects; (2) conduct sensitive analyses through advanced analyses by cutting the studies with lower study quality. Potential publication bias was detected by both a funnel plot and Egger's test. An asymmetric plot and P less than 0.05 demonstrate the possible existence of publication bias. When significant publication bias was detected, a trim and fill analysis 20 , which would yield the adjusted effect of funnel plot asymmetry, was conducted. All analyses were performed using STATA software (version 12.0; Stata Corp LP). P values less than 0.05 were considered statistically significant in each analysis.
Results
Literature Search. Among 1499 publications retrieved by the electronic database search (543 from PubMed, 624 from EMBASE, 332 from Web of Science and 27 studies from reference lists), 889 duplicates were excluded. After reviewing title/abstracts of 637 articles, 594 studies were excluded after a first screening and 43 remaining articles were obtained for full-text review. In the full-text assessment for final inclusion, 28 articles were excluded for the following reasons: (1) DR was combined with other complications in 5 studies; (2) 22 studies were excluded either because they did not report outcomes of interest or no usable data was presented; (3) one study was excluded for updated data from a duplicated study. Finally, a total of 15 observational studies were included in this meta-analysis. The flow diagram of the literature search process is presented in Fig. 1 .
Study Characteristics. Table 1 shows the characteristics of all the included studies in this analysis. Among these included studies were cohort studies (n = 5), case control studies (n = 4) and cross-sectional studies (n = 6). The locations where the studies were conducted were as follows: Europe (n = 6), America (n = 2), Asia (n = 6) and Australia (n = 1). When DM types were considered, three studies focused on T1DM cases, and eight studies analyzed DR cases in T2DM patients. The DR identification in most studies was based on the Early Treatment Diabetic Retinopathy Study (ETDRS) severity level in 7 studies, whereas grade classification (3 or 4 levels) was used in 4 studies. The range of enrollment periods for included studies in this study was 1977-2014. All studies reported at least one alcohol consumption level as the exposure of interest. When the alcohol exposure definition was considered, a total of 7 studies demonstrated stratified analysis into more than three categories. The adjusted or matched factors in the included studies were also reported in Table 1 . In the 15 observational studies, we identified a total of 12,875 DR cases among 37,285 participants.
Quality Scale of Study Methodology.
The methodology quality of studies included in this meta-analysis is presented in Table 1 and Supplemental Table 1 . The study methodologies were scored on a 9-point scale. The range of methodological scores was 3 to 8 points, and the average score was 6.07 points. Relatively high quality (6 points or more) was detected in 12 of the 15 included studies.
Alcohol Intake and DR Risk. The pooled estimation of the 15 included observational studies that reported the association between alcohol consumption and DR risk was 0.91 (95% CI, 0.79 to 1.06; Fig. 2 ) in a random-effect model. When heterogeneity was considered, significant heterogeneity was detected (I 2 = 62.3%, P = 0.001). Analyses stratified by study design showed that no significant association was evident between alcohol intake and DR incidence in cohort, case control or cross-sectional studies (cohort study: OR = 0.95, 95% CI = 0.66 to 1.36; case control: OR = 0.97, 95% CI = 0.77 to 1.22; cross-sectional study: OR = 0.86, 95% CI = 0.69 to 1.08).
In advanced subgroup studies, no significant associations were detected in Europe (OR = 0.94, 95% CI = 0.75 to 1.17), America (OR = 0.97, 95% CI = 0.70 to 1.34) or Asia (OR = 0.94, 95% CI = 0.66 to 1.33). However, only one study in Australia was included in this study, and an inverse association between alcohol intake and DR risk was detected (OR = 0.52, 95% CI = 0.31 to 0.88). When DM types were considered, no significant association was detected in either T1DM (OR = 0.84, 95% CI = 0.60 to 1.20) or T2DM (OR = 1.01, 95% CI = 0.87 to 1.16) group. Neither population-based (OR = 0.88, 95% CI = 0.74 to 1.04) nor hospital-based studies (OR = 1.17, 95% CI = 0.82 to 1.67) demonstrated significant association between alcohol consumption and DR risk. We also considered the alcohol amount intake and DR incidence. Through the stratified studies, neither protective nor harmful effects were detected among different alcohol consumption groups (light: OR = 1.10, 95% CI = 0.87 to 1.40; moderate: OR = 0.91, 95% CI = 0.72 to 1.14; heavy: OR = 0.90, 95% CI = 0.76 to 1.08). Otherwise, we measured the effects of different types of alcoholic beverages on the incidence of DR. In the subgroup analyses, intake of neither beer (OR = 0.90, 95% CI = 0.76 to 1.08) nor spirits (OR = 1.00, 95% CI = 0.81 to 1.24) was associated with DR risk. Furthermore, it was interesting to find that protective effects were detected in the wine (OR = 0.77, 95% CI = 0.64 to 0.92) and sherry (OR = 0.22, 95% CI = 0.05 to 0.95) groups. Further subgroup analyses on the adjusting status, age adjustment, gender adjustment and BMI adjustment showed no significant association in each subgroup. The detailed results are presented in Table 2 .
Sensitivity Analyses and Publication Bias.
In the sensitivity analysis, it was found that the outcome was not significantly changed when any study was excluded from this meta-analysis ( Fig. 3 ). We also excluded studies with lower methodological scores and found no significant association between alcohol intake and DR risk (OR = 0.87, 95% CI, 0.73 to 1.04). Both visual inspection of Begg's funnel plot and Egger's test were used to detect publication bias. In general, it revealed symmetry for the funnel plot (P = 0.692, Fig. 4 ). However, Egger's test demonstrated a significant publication bias (P = 0.049). Therefore, we conducted an advanced sensitivity analysis using the trim and fill method. It was found that no study should be added; thus, no advanced meta-analysis could be calculated with updated records. 
Discussion
There were contradictory results regarding the relationship between alcohol consumption and DR incidence in DM cases. This current meta-analysis showed that alcohol intake was not associated with DR risk in quantitative analyses of 15 observational studies. In advanced subgroup analysis, no significant associations were detected in different DR stages, study designs, DM type and various alcohol consumption groups. However, the subgroup meta-analyses by alcoholic beverage groups showed that wine and sherry intake were associated with reduced DR incidence. Overall, the sensitivity analysis indicated that the conclusions of this study were quite robust. Alcohol consumption was regarded as a significant factor influencing increased morbidity and mortality 21 , while moderate alcohol intake demonstrated certain protective effects on cardiovascular diseases and DM status. A previous observational study with 5.5 years of follow-up indicated that light and moderate alcohol consumption could reduce the risk of T2DM 22 . In a dose-response meta-analysis of 38 observational studies, the results showed that significant reductions in the risk of T2DM were present at all levels of alcohol intake <63 g/day 23 . Considering that alcohol consumption was a protective factor of DM, it was natural to conjecture that alcoholic beverage intake might also influence the incidence or progression of the complications of DM. The incidence of DR, which was an important microvascular complication of DM, was influenced by various genetic and environmental factors. Considering that alcoholic beverages are usually consumed on a global scale, it is an important public health issue to determine the effect of alcohol consumption on the risk of DR.
It has been a long time since the associations between alcohol consumption and ocular disorders or visual health were first detected 24, 25 . In a previous cohort study, the relationships between alcohol patterns on the incidence of visual impairment (VI) in over a 20-year period were studied. Through analyzing the follow-up data, it was found that those who had not consumed alcoholic beverages over the past year had higher odds of incident VI than persons who drank occasionally 26 . The effect of alcohol intake on the VI incidence of DM patients was also detected in the Sankara Nethralaya Diabetic Retinopathy Epidemiology and Molecular Genetics Study (SN-DREAMS). Compared with that of non-drinkers, alcohol consumers demonstrated a lower prevalence of DR (OR = 0.41; 95% CI, 0.17 to 0.96; P = 0.04) 27 . The effect of alcohol consumption on DR risk was studied in previous epidemiological studies. As early as 1984, the role of alcohol consumption on development and progress of retinopathy was sought in 296 randomly selected diabetic men aged 20-59 during a five-year prospective study 28 . The results of the follow-up demonstrated that alcohol intake was associated with development and progression of retinopathy (P = 0.02). A cohort analysis of 1239 participants with T2DM aged 55 to 81 years enrolled in the AdRem study showed that moderate alcohol consumption, compared with no current alcohol intake, was not associated with presence or progression of diabetic retinopathy after adjusting for confounding factors 29 . Furthermore, in this cross-sectional study, the effects of the consumption of different alcoholic beverages on the risk of DR were reported among patients with T2DM 15 . Compared with the no alcohol intake group, moderate alcohol consumption was significantly associated with a reduced odds ratio of DR incidence (OR = 0.47, 95% CI, 0.26 to 0.85), while heavy alcohol consumption was not associated with DR risk (OR = 0.75, 95% CI, 0.25 to 2.20).
Figure 2.
Summary of the odds ratios for the association between alcohol intake and the risk of DR by study designs. Through subgroup analyses, no significant association was detected in cohort, case-control or crosssectional studies. The size of the shaded square is proportional to the percent weight of each study. Horizontal lines represent 95% CIs. The diamond data markers indicate pooled ORs.
In this study, through meta-analysis of 15 observational studies, it was reported that alcohol consumption was not associated with DR risk. Sensitivity analysis further indicated that the conclusions of this study were quite robust.
In the subgroup analysis by alcoholic drink types, wine and sherry consumption were associated with reduced risk of DR. This was an interesting finding with several potential explanations. Considering the relatively higher quality of wine and sherry compared with beer and spirits, the modification of drinking patterns of different alcoholic drink types might influence the DR risk. Drinking patterns might also be associated with healthy dietary behaviors and thus might affect the incidence of diabetes complications. Additionally, the polyphenolic content was the principal biologically active component in wine and was notably higher in fortified wine. Polyphenolic content could produce significant protective effects on DR progression both by reducing oxidative stress and inflammation in the retina directly and by decreasing cardiovascular and renal complications, thus reducing DR risk. However, the reason why no significant protective effect was detected from red wine as in a previous study is still unknown. Further epidemiological and in vitro studies will be required in the future. Considering that only limited studies have demonstrated the alcoholic drink subgroup effect on DR incidence (3 studies for wine and 1 for sherry), more well-designed studies with stratified analyses by alcohol types will be required in the future.
As this is the first meta-analysis on the association between alcohol consumption and DR risk as we know to date, a protective effect of wine consumption was detected. There are several possible mechanisms explaining this outcome. Moderate alcohol intake, especially of wine, has been regarded as a protective factor for cardiovascular disease 30 . In most epidemiological studies, a significant U-shaped association between alcohol consumption and all-cause mortality and vascular deaths was detected 31 . Through the SUN Project with 142,177 person-years of follow-up, the traditional Mediterranean alcohol-drinking pattern was reported to be associated with lower cardiovascular risk in most point estimates 32 . As cardiovascular events have been regarded as risk factors for DR 33 , the benefit of wine intake might arise from the reduction of cardiovascular disease risk. Furthermore, abnormal inflammation and increased oxidative stress have been regarded as key factors in the pathogenesis of DR development 34 . Both in vitro and in vivo studies have shown that polyphenol, delphinidin and resveratrol from wine produce protective effects against the development of DR through inhibiting the inflammatory response and oxidative stress 35, 36 . Increased vascular endothelial growth factor (VEGF) activity also promoted the incidence and progression of microvascular complications of DM cases 37 . Moderate alcohol, especially red wine intake, demonstrated reduced VEGF expression 38 and thus could produce a protective effect against DR risk.
The main strength of this meta-analysis was the comprehensive literature search. It was based on an extensive search up to May 2016 for potential included studies to identify associations between alcohol consumption and DR risk. In this study, the publication date of all included studies ranged from 1984 to 2015. Furthermore, the inclusion criteria in this study contained all observational studies reporting the effects of alcohol intake on the risk of DR. Comprehensive inclusion of all published studies provided stronger evidence for the conclusion. A stratified analysis by different subgroups would demonstrate a more detailed understanding of the effect of alcohol intake and risk of DR. Advanced studies by subgroup analysis showed that alcoholic beverage subtypes might produce differential effects on DR risk. The analysis provided clues for subsequent clinical study design and indicated that effects of alcoholic beverage types should be comprehensively explored in studies with more participants. Detailed information on the frequency and type of alcoholic drinks as well as other dietary or social factors should be collected and analyzed. However, certain limitations existed in our current meta-analysis that also must be considered. First, although 15 observational studies were included in this study, six of them consisted of cross-sectional design. The cross-sectional design is considered to demonstrate a weaker power to detect correlations. The relatively lower number of cohort studies included in this analysis demonstrated the requirement for additional well-designed cohort studies. Second, publication bias, which might influence the robustness of the conclusion, was detected in this study. The P value in Egger's test was 0.049, and no additional studies were indicated using the trim and fill method. However, only mild significance was presented in the publication bias calculation, and the unmodified result was detected through trim and fill analysis. Thus, publication bias did not have a crucial influence on the conclusion of this study. Third, the crude OR/RR was provided in several included studies. Additionally, the adjusted models were different among the included studies. Accordingly, adjusting status might play an important role in DR development.
In conclusion, this current meta-analysis demonstrated that alcohol intake was not associated with the risk of DR. Subgroup analysis by alcoholic beverage type showed that wine consumption could reduce the incidence of Scientific RepoRts | 7: 4 | DOI:10.1038/s41598-017-00034-w DR. No significant association was detected between different quantities of alcohol intake and DR incidence in our meta-analysis. In the future, more large-scale prospective studies with detailed alcohol subtypes and contents are still warranted to clarify the association.
